ABSTRACT
INTRODUCTION
The metabolic rate of an organism is an useful and sensitive indication of its daily consumption of energy. Therefore, in aerobic animals, the quantification of the rate of oxygen consumption will be directly associated to the amount of energy liberated from the oxidation of food substratum. Based on the amount of oxygen consumed by an animal for a certain period of time, it is possible to evaluate the energy spent during the same period to maintain its vital processes (Carvalho,1992) . The metabolism of a fish includes three welldifferentiated levels: standard metabolism, routine metabolism and active metabolism. The standard metabolism is the minimum energy required for the fish to survive, associated to rest and unfed state. The routine metabolism is the fraction of energy used by unfed fish with movement of spontaneous swimming, or routine activity. Routine metabolism is the mean rate oxygen consumption measured when precautions are taken against the fish being influenced by outside stimuli (Fry, 1971) . The active metabolism represents the metabolic rate in the maximum level of activity. Brett and Groves (1979) demonstrated that fast swimming fish can increase their metabolism up to 10 times the standard metabolism, whereas fish of colder waters increase their metabolic rate by 2 or 3 times. In addition, the swimming performance (Beamish, 1978) was recorded as the highest position-maintaining velocity plus the fraction of the time interval of the velocity in which they become exhausted (Reidy et al, 1995; Hammer and Schwarz, 1996; Hymel, et al., 2002; Wicks, et al., 2002) , i.e., the physical capacity that facilitates fish to swim against a certain water direction during a certain period of time (Howard, 1975) . The active metabolism was referred by Fry (1971) as the maximum steady rate of oxygen consumption under continuous forced activity. This energy readiness for activity reflects the physiological state of the animal that is linked to the environmental conditions. In the context of environmental studies and biological monitoring, both energy readinesses for activity and routine metabolism are used (Scherech, 1990) and they constitute efficient tools to measure the toxicity of a chemical substance in an organism. Evaluation of fish metabolism was used, for example, to study toxicant effects caused by petroleum (Kloth and Wohlschiag, 1972) , aromatic compositions (Lemaire et al., 1996) , heavy metals (Hodson, 1988) , detergents Barbieri et al., 1998; Christiansen et al., 1998 ) and a variety of toxins (Boudou and Ribeyre, 1989) . Changes in swimming behavior as a result of exposure to sublethal pollutants can affect the fish capacity to feed, to flee from predators or even to reproduce (Little et al., 1985) . Swimming behavior is frequently used as a parameter to evaluate toxicity in fish (Little and Finger, 1990) . Therefore, swimming capacity and swimming activity are used to assess alterations in fish movement due to effects of pollutants. Swimming performance is a parameter related to the fish resistance to keep swimming in a water flow (Dodson and Mayfield, 1979) or to its physical capacity to keep on swimming against the flow (Howard, 1965 , Hymel et al. 2002 . Swimming performance also includes variables as frequency and duration of movements (Cleveland et al., 1986 , Kolak, 1999 , speed and distance traveled during the movement (Miller, 1980) , frequency and angle of swimming to a flow (Rand, 1977) , and position in the water column and type of swimming behavior (Kolak, 1999) . Swimming performance was used with success, for example, to study effects of organophosphat (Peterson, 1974) , DDT (Besch et al., 1977) , herbicides (Little et al., 1989) , aluminum (Cleveland et al., 1986) , copper (Walwood and Beamish, 1978) ; detergents (Hofer et al., 1995; Barbieri, et al., 1998 Barbieri, et al., , 2000 and ammonia (Wicks et al., 2002) . The use of the time of swimming until fatigue is one of the traditional protocols to study effects of environmental changes on the swimming capacity of fish (Rand, 1984 , Barbieri et al., 2000 . The understanding of the possible effects of pollutants on the swimming capacity of aquatic organisms is very useful for environmental quality management. Those effects are hardly detected in a superficial analysis; however, they can drastically influence the survival and the success of species and communities. Exposure to sublethal doses, even if for a relatively short period of time, can affect the fish ability to feed, flee from predators, reproduce, etc. (Little et al., 1985) . In addition to help understanding causal relationships between pollutants and physiologic processes, fish metabolism and swimming performance can indicate right away environmental deterioration, in a way that appropriate measures can be put in place to respond to environmental degradation (Barbieri et al., 1998) . At the level of the individual, sublethal toxicant effects are manifested in several ways, but among the most sensitive indicators of pollution stress are behavioral alterations. In particular, feeding behavior has been investigated extensively because feeding impairment could have repercussions on an individual's survivorship, growth, reproductive capacity (Grippo and Heath, 2003) , swimming performance (Barbieri et al., 2000) and metabolism (Barbieri et al., 2002) . This is applied, mainly to estuaries where effects of human activities have been felt for centuries. This study aimed to investigate the effect of the detergent (Linear Dodecy Benzene Sodium Sulfonate, LAS-C12) on routine and active metabolism as well as on swimming performance of Mugil platanus (mullet), a euryhaline and eurythermic fish, at the temperature of 20° C and salinity of 35‰. The study was undertaken using different concentrations of LAS-C12 (0.0 mgL -1 , 0.5 mgL -1 , 1.0 mgL -1 and 2.5 mgL -1 ) at different exposure periods (24, 48, 72, 96 and 120 h) . To evaluate the effect of the LAS-C12 on the metabolism and on swimming performance, consumption of oxygen and time of swimming until exhausted were used as parameters, respectively.
MATERIALS AND METHODS
The Linear Dodecyl Benzene Sodium Sulfonate (LAS-C12) was used in this study because: (a) it is widely used as the main active substance in detergents, and (b) there is a lack of studies on the toxicity of this element in marine and estuarine fish in Brazil (where this study was carried out). The reagent was diluted in distilled water in stock solution of 1gL -1 . Such dilution was carried out just before undertaking the experiment in order to avoid degradation of the substance. Three different concentrations were tested, i.e., 0.5 mgL -1 ; 1.0 mgL -1 and 2.5 mgL -1 , as well as a control (water without LAS-C12), for the experiment on routine and active metabolism, and swimming capacity. The concentrations of 0.5 mgL -1 , 1.0 mgL -1 and 2.5 mgL -1 were also tested to evaluate the effect of exposure to a period up to 120 hours. LAS-C12 was introduced in a determined amount in the respirometer using a precision pipette, in order to obtain the required final concentration. Dissolved oxygen and water viscosity are factors that affect oxygen consumption and swimming capacity of fish; therefore, they should be previously estimated when studying the effects of detergents.
Therefore, experiments were conducted to verify effects of the LAS-C12 on oxygen's dissolution in the water and water viscosity. Oxygen concentration and pH of the test solutions were mensured, as well as ammonia values (mML -1 ) as a function of the exposure time (in hours) at the different concentrations of LAS-C12. This was done by filling up the respirometers with solutions of LAS-C12 in the same concentrations to be used in the experiments (i.e., 0.5 mgL -1 ; 1.0 mgL -1 and 2.5 mgL -1 ). In the absence of fish, the respirometer was closed and the water was mixed for one hour. Five replicas were used for each concentration of LAS-C12 and for the control. Dissolved oxygen was measured in the beginning and in the end of each experiment (Table 1) . pH ranged from 8.18 t0 8.20 at all test treatments. Ammonia measurements are shown in table 2. Water viscosity in the three concentrations of LAS-C12 (0.5 mgL -1 , 1.0 mgL -1 and 2.5 mgL -1 ) as well as in the control (water without surfactant) was measured using an Oswald's viscosimeter (Moore, 1976) to verify possible alterations in this factor as a result of the addition of the detergent. Five replicas of each experimental condition were used at the temperature of 20°C and salinity 35‰. There were not significant statistical differences in the viscosity between the concentrations of the LAS-C12. The average of the viscosity were: 1.046 g/m/s (±0.006) for the control; 1.049 g/m/s (±0.008) for 0.5 mgL -1 ; 1.054 g/m/s (±0.009) for 1.0 mgL -1 ; 1.038 (±0.005) for 2.5 mgL -1 .
Effects of time of exposure to LAS-C12 on active metabolism, routine metabolism and time of swimming until exhausted
The fishes were acclimatized at the salinity of 35‰ and temperature of 20° C and maintained in tanks of 200 L with constant aeration. Each tank contained five individuals. The water was renewed every two days to avoid any type of influence due to metabolites excreted by the animals. A total of 300 fish, divided in 60 groups of five animals, were used. Each group was submitted to one of the 20 possible combinations of the four concentrations of LAS-C12 and to the five exposure periods. The tested concentrations were of 0,0 mg.L -1 (control in pure water); 0.5 mgL -1 ; 1.0 mgL -1 and 2.5 mgL -1 . The periods of acclimation in LAS-C12 were of 24; 48; 72; 96 and 120 h. A stock solution of LAS-C12 was prepared in water distilled with concentration of 1gL -1 , immediately before the use to avoid degradation of the substance. The necessary amount of the stock solution was introduced in the tanks, using a micropipette, in order to obtain the required final concentration. Half of the water of the tanks was changed every 24 h to avoid an increase of metabolites concentration, however, the concentration of the polluting agent was maintained by adding recently prepared increment of stock solution. The fishes were not fed for the period of 48 h prior to undertaking the experiments. This was to determine the routine and active metabolism and the time of swimming until exhausted. It was attempted to select individuals of similar sizes and weights.The one used in the control were in average 4.2 cm (± 0.54) and 4.50g (± 1.02); the ones submitted to concentrations of 0.5 mgL -1 , 1.0 mgL -1 and 2.5 mgL -1 were in average 5.1 cm (± 1.02) and 4.80g (± 1.08); 4.7 cm (± 1.03) and 5.26g (± 0.64); 5.1 cm (± 0.74) and 5.2g (± 0.96), respectively.
Method to study the acute effect of LAS-C12 on the routine metabolism of M. platanus Before the beginning of the experiments, the animals were maintained in the respirometers with continuous water circulation for at least 90 minutes to attenuate the stress caused by handling. Then, the water supply was suspended and the respirometer was closed, so that the fish could consume the oxygen present in a known volume of water for a period of an hour. Only one fish was used in each respirometer. The respirometers were protected by an shield to isolate the animals from possible external disturbances in the laboratory. The difference between the concentrations of oxygen determined at the beginning and at the end of the confinement was used to calculate the consumption of the animal during that period. To minimize the effect of low oxygen concentration and the metabolites accumulation on the metabolism, the duration of the experiments was regulated so that the oxygen concentration at the end of experiments was larger than the 70% of its initial concentration. The dissolved oxygen was determined through the Winkler method.
To obtain the desired concentration of LAS-C12, the required volume of the stock solution (1.0 gL -1 ) was calculated for the volume in each respirometer and set with a micropipette at the end of the acclimation. As soon as LAS-C12 was added, the entry orifice of the respirometer was sealed.
Method to study the effect of LAS-C12 on the active metabolism and the time of swimming until exhausted
To quantify the effect of the acute exposure to LAS-C12 on the swimming activity and the active metabolism of the fish, swim tunnel was built and used in our laboratory, based on the descriptions of Brett (1964) and modified for individuals of small size. The swim tunnel consisted of a metabolic chamber placed inside a box with water, to help with temperature maintenance. The fishes were forced to swim against a current produced by a propeller attached to variable-seep electric motor. Each fish was allowed to adjust and orient itself in the chamber at a low water velocity. The speed of the current was measured through a "Venturi" meter flow type. A water sample was then taken and the outlets and inlets were closed. The water velocity was slowly increased within a short period until the fish could just maintain their position. At the end of the forced-swimming period, the water velocity was greatly reduced and a water sample was collected. To guide the flow and define the swimming space, flow laminators were installed in the two extremities of the metabolic chamber. The swim tunnel total volume was 1.2 L. Before the beginning of the experiments, the animals were maintained in the active respirometer (swim tunnel) with continuous water circulation during at least 90 minutes to attenuate the handling stress. Then, the water supply was suspended and the active respirometer was closed, so that the fish could consume the present oxygen in the known water volume for a period of an hour. The active respirometers were protected by a shield to isolate the animals from possible moves in the laboratory. The difference between the oxygen concentrations, determined at the beginning and at the end of the confinement, was used to calculate the consumption during the period. To minimize the effect of the low oxygen concentration and metabolites accumulation on the metabolism, the experiments duration was regulated so that the oxygen concentration by the end of experiments was larger than the 70% of its initial concentration. The dissolved oxygen was determined through the Winkler method. After 90 minutes, the necessary amount of LAS-C12 stock solution was added to obtain the specified concentration. The speed was, then, slowly increased (1cm.s -1 ) until reaching 15 cm.s -1 (± 0.31), so that the fish were forced to swim in that speed until exhausted. Fish were considered exhausted when they could not maintain their speed in relation to the water flow, being dragged by the current to the exit extremity of the swim tunnel, staying in that position for more than 30 s. The flow was monitored during the whole period of the experiment and the concentration of dissolved oxygen in the swim tunnel was determined at the beginning and end of the experiment, using the Winkler's method. The total oxygen consumption in each experiment was calculated by the difference between the initial and final concentration. To minimize the effect of the low oxygen concentration and metabolites accumulation on the metabolism, the experiments duration was regulated so that the oxygen concentration at the end of experiments was larger than the 70% of its initial concentration. The difference between the oxygen concentrations, determined at the beginning and at the end of the confinement, was used to calculate the consumption during the period. To obtain the LAS-C12 desired concentration, the necessary volume of the stock solution (1.0 gL -1 ) was calculated for each respirometer`s and set with a (micropipette) help at the end of the acclimation. As soon as LAS-C12 was added, the entry orifice was sealed. Immediately after each experiment, the total length and the wet weight of the tested animals were measured. No fish was used twice.
The processing and charting of the data were accomplished with aid of a spreadsheet. The average specific consumption of oxygen by the mullet (routine and active metabolism) and swimming performance were tested, using ANCOVA, (p<0.05) analysis. promoted an increase of the oxygen specific consumption for the period of 24 h (but not necessarily to the control), with subsequent decrease at other exposure periods (48, 72, 96 and 120 h). However there were not significant statistical differences for the routine metabolism between the other periods of time used and the control. Fish exposed for 24, 48, 72, 96 and 120 h to 1.0 mgL -1 , presented significant increase of the specific metabolism, compared to its respective controls, for the corresponding periods. At this concentration of LAS-C12, the metabolism tended to increase with the time of exposure, and after 48 h the increase was statistically significant in relation to the period of 24 h; after 96 h the consumption of oxygen increased and then it was stabilized. There were statistical differences among the periods of 96, 48 and 24 h of exposure to LAS-C12. At the concentration of 2.5 mgL -1 , the specific consumption tended to decrease as a function of time of exposure, and, starting from the period of 24 h, the averages of the consumption were statistically different from the ones obtained for the other periods. The consumption of oxygen in this concentration of the toxic agent was higher in relation to the control, for 24 and 48 h of exposure; however, it was smaller than the one or the period of 96 and 120 h. In these cases, a statistically significant difference was not verified between the control and 2.5 mgL -1 only for the 72 h exposure period. During the preliminary tests, concentrations of 5.0 and 10 mgL -1 of LAS-C12 were also used. However, in the concentration of 5.0 mgL -1 the mullet died after 24 h of exposure and, in the concentration of 10 mgL -1 , after just one hour.
RESULTS

Effect
Effect of the time of exposure to LAS-C12 in the active metabolism
The averages of the active metabolism and the time of swimming until fatigue of animals submitted to different exposure periods to each concentration of LAS-C12 are summarized in the Table 4 . It can be noticed that fishes exposed to the concentration of 0.5 mgL -1 of LAS-C12, during the established periods of time for the experiment, did not present tendency to an increase of the specific metabolism in relation to the control at any of the different exposure periods (Table 4) . At the concentration of 1.0 mgL -1 of LAS-C12, the metabolism presented a tendency to increase with the time of exposure. The increase was statistically significant in relation o the control for all exposure periods. In 120 h, the consumption of oxygen decreased to values close to the obtained for 24 and 48 h of exposure. In this concentration there was no statistic differences among the consumption averages obtained in different exposure periods. At the concentration of 2.5 mgL -1 , the specific consumption presented tendency to decrease starting from 24 h of exposure. However, only the averages of the consumption for 72 h were statistically different from the obtained on the other periods. The consumption of oxygen at this concentration of the toxic agent was smaller in relation to the controls, for 24, 48 and 72 h of exposure. Significant differences were observed between the data of the controls and the one of 25 mg.L -1 , in all the corresponding periods. For the periods of 96 and 120 h it was not possible to measure the consumption of oxygen, because the mullet got tired in less than one minute after being placed in the respirometer.
Effect of the exposure time to LAS-C12 on the time of swimming until exhausted
In general, the time of swimming until exhausted of the fishes progressively decreased in relation to the control; and considerably decreased at higher concentrations of the toxic agent as well as at longer periods of exposure (Table 5) . Table 5 , showed that in the control the fishes, on average spent 50.8 to 54 minutes to get tired at the experimental swimming speed of 15 cms -1 . Comparing the results obtained in the control with the ones obtained in the concentration of 0.5 mgL -1 , a significant decrease in the time of swimming was observed until exhausted after 96 h of exposure to LAS-C12, which decreased from 48.2 minutes to 44.4 minutes after 120 h. At the concentration of 1.0 mgL -1 , the averages of time of swimming until exhausted showed tendency to decrease at longer periods of exposure, varying from 45 minutes after the exposure of 24 hours, to 33 minutes after the exposure of 96 h. Significant difference was verified between those two averages. At that concentration, significant differences of the averages were detected in relation to the ones of the control in all the periods. The time of swimming until exhausted of fish submitted to 2.5 mgL -1 of LAS-C12 for 24 h were about 8 minutes. After 72 h of exposure at this concentration the fish got tired in 3 minutes. Only the average for the period of 72 h presented significant difference from the ones of the other exposure periods at the same concentration. All the averages obtained for 2.5 mgL -1 presented statistically significant differences when compared with the ones of the control.
DISCUSSION
Several studies have demonstrated an increase of the metabolism of organisms exposed to several toxins (Barbieri et al. 2005) . Lemaire et al. (1996) , studying the effects of aromatic compositions found a pronounced increase of the consumption of oxygen in fishes exposed to increasing concentration of aromatic compositions. MacLead and Smith (1966) testing the effect of wood fibers in the consumption of oxygen and activity of Pimephales promelas, verified that every duplication in the concentration corresponded to a decrease of 1 mg/kg/min in the consumption at an environment with low levels of dissolved oxygen, and of 0.2 mg/kg/min at high levels of oxygen. Significant decrease of the swimming capacity using such parameter as indicator of stress was observed. In present study a pronounced increase of the routine and active metabolism as the concentration of the LAS-C12 increased. Probably, as it was expected, in the used concentrations, during the short period of experimental time, the effect of the toxin was not enough to damage the metabolic organs in a way to put in risk the absorption of the gas. Apparently that as the gills were involved with the osmorregulation and other metabolic processes, despite the gaseous changes, the detergents, even in low concentrations, harm the good operation of those processes, making the individuals exposed to them spend a larger amount of energy in an attempt to maintaining their homeostasis. Rand (1984) classified a series of fish behaviors that were used as toxicity indicators. Among them, the swimming activity was considered as a good indicator for pollution, even when substances were found at sublethal levels. The time of swimming until exhausted and the consumption of oxygen during the exercise were appropriate to study the acute effects of toxicants in the environment because these parameters provide, fast and easily measurable responses of different species of swimming fishes Finger, 1990, Kolak, 1999) . Studies comparing swimming activity, swimming performance, feeding, escape from predator and duration of the activity of swimming of the rainbow trout demonstrated that those activities were reduced at sublethal exposure to chemical products (Little, et al., 1989) . Toxicants usually affect the swimming activity before the death of the organism. Little et al. (1985) , in studies with trout, observed that the swimming performance, feeding, and the behavior of escaping from predators were reduced due to sublethal exposure to Palation and Malathion organophosphates. Also in trouts, the swimming activity was significantly reduced after 96 h of exposure to a concentration of 5.0 mgL -1 of the DEF herbicide (Little et al., 1989) . In the case of mullet, as the concentration and the time of exposure to LAS increased, the time of swimming until exhausted was reduced. The animals presented a significant decrease of the swimming capacity after they were submitted for 72 h to a concentration of 1.0 mgL -1 of LAS. A marked reduction of the swimming performance was verified after 72 h at a concentration of 2.5 mgL -1 , and the animals got tired after swimming for just 3 minutes. The present work showed that from the lowest (0.5 mgL -1 ) to the highest (2.5 mgL -1 ) concentration used in experiments that lasted less than two hours, both metabolism and time of swimming until exhausted presented alterations. In the concentration of 2.5 mgL -1 the decrease of the capacity of swimming was quite accentuated, making weariness happen up to 4.83 times quicker than in the control. Mullets exposed for 72 h to the concentration of 2.5 mgL -1 practically could not swim at 15 cm.s -1 anymore. This verification was very disquieting considering that higher concentrations of anionic tensoatives were found in studies performed on the Brazilian coast (Aidar et al., 1997) . Besch et al. (1977) demonstrated that the capacity of swimming of carps provides fast indication of the toxicity. In their experiments with DDT up to 0.5 mgL -1 it was possible to detect significant alterations in a period of two hours, whereas the 48h LC50 was 1.5 mgL -1 . In trout the swimming performance was altered by Malathion and Fenitrothion in a concentration 33% below the LC50 (Peterson, 1974) . Similar effect was also found for salmon after exposure to copper with concentrations up to 12% of the necessary one to estimate the LC50 (Walwood and Beamish, 1978) . In that way, measurable modifications of swimming could be detected well before mortality. Studies with LAS indicated the reduction of swimming capacity in rainbow trout exposed to 0.2 mgL -1 (Hofer, et al., 1994) , and in several other species the swimming capacity was affected in concentrations between 0.6 to 4.7 mgL -1 (Swedmark et al., 1971 , Barbieri et al., 1998 . Alterations in the swimming capacity are reflected in several activities of the organism such as migration, predation or success in escaping from predators, with serious ecological consequences (Reidy et al., 1995 , Hymel et al., 2002 . Furthermore, the decrease of the time of swimming until exhausted hinders the chances of finding the prey due to the reduction of the search area (Laurence, 1972) . This affects the feeding efficiency leading to a concomitant decrease in the amount of available energy for growth (Little and Finger, 1990) The swimming physiology of a fish is affected by the maturity and organic conditions, degree if exposure to other stress factors, acclimation, time of test and physical and chemical parameters, such as temperature, salinity, water quality, light, size or shape of the fishbowls (Little and Finger,1990) . Therefore, tests involving behavior responses require a rigid and controlled standardization of the methodology, with a rigorous uniformization of the experimental procedures as well as handling of the test organisms. If the results obtained here presented for mullet under an ecological perspective, the first response of the fish could be trying to escape, and, in the case of an environment totally polluted we could maybe find a similar response in sealed respirometers where we performed the experiments. The study of swimming capacity carried out for different species of fish provides inputs towards the understanding of the ecological role of the species in their environment since it evaluated the escape capacity from a predator (Kasapi et al., 1992) , the effects of swimming activity under growth (Hammer and Schwarzl, 1996) , the corporal composition and the caloric content (Reidy et al., 1995) , the relationship between swimming and consumption of oxygen (Barbieri et al., 1998 (Barbieri et al., , 2000 (Barbieri et al., and 2002 , the relationship between the shape of the caudal fin and swimming speed developed by the fish (Karposian et al., 1990) , the ability and the swimming speed as a factor for the occupation of several environments within a same area (Peake et al., 1997) . The swimming performance is a valid parameter and a consistent index of the subletal toxicity that can easily be incorporated into the test protocols to increase the sensitivity of the pattern of the toxicity test (Wicks, et al., 2002) . The time of swimming until exhausted can strictly be monitored in laboratory with simple equipments that can be easily adapted for use in toxicity tests in the field. The reduction of the time of swimming until exhausted can be a result of changes in the distribution of energy that the fish should allocate for the maintenance of its homeostasis (Kerr, 1971) , so the fish stops spending energy with swimming and redirects it to operate vital organs for its survival. The activity of a toxicant depends on its concentration and time of exposure of the organism to the pollutant (Fellenberg, 1980 ). An amount of toxicant substance generally acts, for example, in a 10 Kg fish with the double of the intensity observed in a 20Kg fish (Fellenberg, 1980) . For that reason, the maximum permissible doses of a toxicant substance are not indicated as absolute amounts, but always in relation to the individual's weight and the time of exposure. Therefore, the longer the time of exposure of the organism to the pollutant the worse the effects on the organism. In the present study, the sublethal exposure of mullets to the detergent increased the rate of the routine metabolism in low concentrations of LAS-C12 (1.0 mgL -1 ). Nevertheless, when increasing the concentration a depression in the metabolism occurred. The largest metabolic decrease was evidenced when mullets were exposed to a concentration of 2.5 mgL -1 for 120 h. A similar fact happened in fish swimming at 15 cm.s -1 exposed to LAS-C12 during a period of 24 h. There was an increase of the active metabolism at the concentration of 1.0 mgL -1 and a decrease of the same at the concentration of 2.5 mgL -1 after 120 h of exposure. The time of swimming until fatigue decreased from 50.8 to 8 minutes, representing a decrease of 84.25% of the swimming capacity of the mullet. The sublethal pollution generally decreased the capacity of the fish to move or to swim, directly influencing the time of swimming until fatigue. For the mullets, with the increase in the exposure period and concentration of LAS-C12, the degree of damage of the organs and tissues probably caused progressive decrease of the metabolic rates until death, in the case of fish exposed to 5.0 mgL -1 of LAS. The results obtained indicated that the metabolic rate of mullets increased about 86.2% after exposure for 96 h to LAS at a concentration of 1.0 mgL -1 and decreased 66.13% for mullet exposed to 120 h at the concentration of 2.5 mgL -1 . The significant increase in the consumption of oxygen should probably be, as one of its factors, due to problems caused by alterations of the energy metabolism. Following that initial increase in oxygen consumption, at longer exposure or at higher concentrations, a reduction of the metabolism, occurred like what happened in the concentration of 2.5 mgL -1 for 120 h of exposure. Some studies of the pathological effects caused by chronic exposure to synthetic detergents evidenced the gradual destruction of the gills filaments, killing the fishes due to asphyxia (Misra et al., 1985; Zaccone et al., 1985 a; Huang and Wang, 1995) , which was what probably happened in this study with mullets exposed to 5.0 mgL -1 of LAS-C12, for about 24 h, and to 10 mgL -1 , that died in less than one hour. The effect of LAS in the metabolic enzymatic activity in gills of Heteropneustes fossilis indicated that this toxin had a high potential to interfere with the aerobic mechanisms (Zaccone et al., 1985a) . For mullet as the concentration of LAS increased from 0.5 to 2.5 mgL -1 both active and routine metabolism also rose, besides decreasing the time of swimming until exhausted. Ribelles et al. (1995) , studying the fish Sparus aurata, found pronounced alteration in the branchial filaments of individuals exposed to concentrations from 3 to 15 mgL -1 of SDS and LAS. The lamella`s epithelial tissue got three times more swollen than normal due to edemas. Also, thickening of cellular walls was observed. Supriyono et al. (1998) verified in the shrimp Panaeus japonicus exposed to 0.75 mgL -1 of LAS-C12 for 96 h, that the secondary filaments of the gills were fused due to necrosis of the cells. In general, when an extensive destruction of the metabolic surface of the gills occurs, there was a decrease of the entrance of oxygen in bloodstream of the fishes, causing suffocation (Abel, 1974; Ribelles et al., 1995) . In this case, the fish would decrease the tolerance to low concentrations of dissolved oxygen . The swelling process would inhibit the passage of oxygen from the water to the bloodstream of the fish, causing it to consume less oxygen . For mullets exposed for a period of until 120 h to LAS-C12, a smaller specific consumption of oxygen was observed when compared to the control. Such fact could be related to the swelling of the gills that would be hindering the passage of oxygen. However, for short periods of exposure to the polluting agent, a maximum of one and a half hour, an increase was observed in the specific consumption of oxygen. In this case it was very likely that the period was not enough to damage the gills.
RESUMO
Este trabalho investiga os efeitos toxicológicos do LAS-C12 em diferentes concentrações (0,0 mgL -1 , 0,5 mgL -1 , 1 mgL -1 and 2,5 mgL -1 ) e em diferentes tempos de exposições (24, 48, 72, 96 
